The objective of the AML HD93 treatment trial was to evaluate the outcome in young adults with acute myeloid leukemia (AML) after postremission therapy was stratified according to cytogenetically defined risk. The rationales for the study design were based (i) on previous favorable results with high-dose cytarabine in AML with t(8;21), inv/t(16q22) and in AML with normal karyotype, and ii) on encouraging results obtained in several phase II trials using autologous stem cell transplantation (SCT). Between July 1993 and January 1998, 223 eligible patients, 16-60 years of age with newly diagnosed AML other than French-American-British type M3/M3v, were entered into the trial. Risk groups were defined as follows: low risk: t(8;21) or inv/t(16q22); intermediate risk: normal karyotype; high risk: all other chromosomal abnormalities. Following intensive double induction therapy with idarubicin, cytarabine and etoposide, all patients in complete remission (CR) received a first consolidation therapy with high-dose cytarabine and mitoxantrone (HAM). A second consolidation therapy was stratified according to the risk group: low risk: HAM; intermediate risk: related allogeneic SCT or sequential HAM; high risk: related allogeneic or autologous SCT. Double induction therapy resulted in a high CR rate of 74.5%, and 90% of the responding patients were eligible for consolidation therapy. Survival for all 223 trial entrants was 40%, and for the 166 patients who entered CR, disease-free (DFS) and overall survival were 40 and 51% after 5 years, respectively. Within the low-, intermediate-and high-risk groups, DFS and survival after 5 years were 62.5 and 87, 40 and 49 and 17 and 26% respectively, without advantage for allogeneic transplantation in the intermediate-and high-risk groups. Postremission therapy-related mortality was 0, 7 and 14%, respectively. This study demonstrates the feasibility of cytogenetically defined risk-adapted consolidation therapy. The overall trial results are at least equivalent to those of published trials supporting the risk-adapted treatment strategy.
Introduction
In acute myeloid leukemia (AML), the karyotype at diagnosis is the most powerful factor predicting for response to therapy and survival. [1] [2] [3] [4] [5] This has opened the possibility to select therapy according to the biological risk profile.
In the last decade, postremission strategies such as highdose cytarabine, allogeneic or autologous stem cell transplantation (SCT) have been shown to improve the outcome of adult patients with AML. In several randomized treatment trials, dose intensification of cytarabine significantly improved the disease-free (DFS) and overall survival (OS). 6, 7 However, there is increasing evidence that not all patients benefit from the curative impact of cytarabine dose intensification, but only subgroups of patients who can be selected based on cytogenetic characteristics. In a pivotal study conducted by the Cancer and Leukemia Group B (CALGB), it was shown that the remission duration was significantly improved by high-dose cytarabine in the group of patients exhibiting t (8;21) or inv/t(16q22) affecting the same core binding factor complex, and in the group of patients with a normal karyotype. 2 In contrast, the remission duration in this study was short for patients exhibiting other chromosomal abnormalities, irrespective of the dose of cytarabine given.
For patients with poor risk features lacking an HLAcompatible donor, autologous bone marrow or peripheral blood SCT may be considered in first remission, since transplantation permits a further increase of dose intensity. In phase II studies, autologous SCT was shown to prolong DFS, in particular with mafosfamid purged bone marrow grafts. 8 Several randomized treatment trials addressed the question of whether autologous SCT is superior to either no further treatment or conventional chemotherapy. [9] [10] [11] [12] In two studies, DFS was significantly improved for patients receiving autologous SCT compared to either no further treatment or a second course of intensive chemotherapy. 10, 12 In contrast, in the other two studies, there was no difference in DFS between autologous SCT and intensive chemotherapy. 9, 11 In the American intergroup study, OS was even significantly better after intensive chemotherapy compared to autologous and allogeneic SCT. 9 In 1993, we initiated the multicenter treatment trial AML HD93, in which late consolidation therapy was stratified according to the karyotype at diagnosis. Stratification was performed according to the criteria published by CALGB prior to initiation of our trial, that is, patients with the clonal chromosome abnormalities t (8;21) or inv/t(16q22) were considered as low-risk patients, those with normal karyotype were considered as intermediate-risk patients, and those with all other chromosomal abnormalities were assigned to the high-risk group. 13 The main objectives of this study were to evaluate the feasibility of a risk-adapted treatment approach in AML and to evaluate the predictive value of the karyotype for outcome after such a risk-adapted consolidation therapy.
Methods

Patients
Patients 16-60 years of age with primary AML defined by the French-American-British (FAB) classification system 14, 15 or secondary AML following treatment of a primary malignant disease were eligible for entry into the trial. Patients with acute promyelocytic leukemia FAB-type M3 or M3v were excluded and treated in the APL HD95 trial (Schlenk et al. Blood 2000; 96: 723; abstract). Patients with a history of myelodysplasia, concomitant liver, renal or cardiac disease were excluded. Written informed consent was obtained at study entry. The study was approved by the local Ethics Review Committee.
Cytogenetics
Chromosome banding analysis using standard methods was performed centrally for all patients in the Laboratory for Cytogenetic and Molecular Diagnosis of the AMLSG ULM. The criteria used to describe a cytogenetic clone and the description of the karyotype followed the recommendations of the International System for Human Cytogenetic Nomenclature. 16 All specimens were also analyzed by fluorescence in situ hybridization (FISH) as previously described, using a comprehensive set of DNA probes that allows one to detect the most recurrent structural and numerical chromosomal abnormalities in AML.
17,18
Study design
All patients received a response-adapted double induction therapy consisting of a first induction therapy with ICE (idarubicin 12 mg/m 2 i.v., days 1, 3 and 5; cytarabine 100 mg/ m 2 continuously i.v., days 1-7; etoposide 100 mg/m 2 i.v., days 1-3), followed by a second cycle ICE in patients responding to the first cycle. Patients with refractory disease were assigned to a second induction therapy either with sequencial high-dose cytarabine and mitoxantrane (S-HAM) (cytarabine 3 g/m 2 /12 h i.v., days 1, 2, 8 and 9; mitoxantrone 10 mg/m 2 i.v., days 3, 4, 10 and 11) 19 for patients o55 years of age or HAM (cytarabine 3 g/m 2 /12 h i.v., days 1-3; mitoxantrone 12 mg/m 2 i.v., days 2-3) for patients X55 years of age. Bone marrow evaluation as well as start of the second cycle were scheduled between days 21 and 28. All patients in complete remission (CR) following double induction therapy were assigned to a first consolidation therapy with HAM. A peripheral blood stem cell collection or a bone marrow harvest was intended in all patients of the high-risk group lacking an HLA-compatible family donor. 20 Bone marrow was treated with mafosfamid in a dose-adapted manner prior to cryopreservation. 21 For a second consolidation therapy, patients o55 years of age were stratified according to the karyotype at diagnosis following criteria published by CALGB prior to initiation of our trial. 13 Low risk: AML exhibiting t(8;21) or inv/t(16q22) irrespective of additional chromosomal aberrations were assigned to a second consolidation with HAM. Intermediate risk: AML exhibiting a normal karyotype were assigned to an allogeneic SCT, if an HLA-identical family donor was available, or to a second consolidation with S-HAM. High risk: AML exhibiting all other chromosomal abnormalities were assigned to allogeneic SCT, if an HLA-identical family donor was available, or to autologous SCT. The preparative regimen for both autologous and allogeneic SCT consisted of either hyperfractioned total body irradiation (12.0-14.4 Gy) (TBI/Cy) or busulfan (16 mg/kg p.o.) (Bu/Cy) followed by cyclophosphamide (120-200 mg/kg i.v.). Patients X55 years of age were not stratified and assigned to a second consolidation with HAM.
Criteria for response and definition of relapse
Response assessment during response-adapted induction therapy was performed at two time points and was defined differently. The first time point was between days 21 and 28 after first induction therapy. Response to first induction therapy was defined by X50% reduction of the bone marrow blast count compared to the pretreatment count, reoccurrence of normal hematopoiesis not requiring full hematological recovery since the start of second induction therapy was scheduled directly after response evaluation according to double induction strategy. The second time point of response assessment was after double induction therapy. The definition of CR followed conventional criteria. 22 CR was defined by the presence of less than 5% blasts in the bone marrow and full hematological recovery with at least a granulocyte count of 1.5 Â 10 9 /l, a platelet count of 100 Â 10 9 /l, and no myeloid blasts in the peripheral blood. Causes of therapeutic failure were subdivided into two categories: (i) refractory disease (RD) and (ii) death less than 7 days after completion of the first induction therapy (early death: ED) or death during double induction therapy-induced bone marrow hypoplasia (hypoplastic death: HD). Relapse was defined as the occurrence of more than 10% blasts in two sequential bone marrow aspirates performed in a time interval of 2 weeks, or new extramedullary leukemia in patients with previously documented CR.
Statistical analysis
The primary end points of the study were OS and DFS. Survival end points, measured from study entry, were death (failure) and alive at last follow-up (censored). DFS end points, measured from the date of documented CR, were relapse (failure), death in CR (failure) and alive in CR at last follow-up (censored). The median duration of follow-up was calculated according to the method of Korn. 23 The Kaplan-Meier method was used to estimate the distribution of OS and DFS, and probability of white blood cell (WBC) and platelet reconstitution times. 24 Confidence interval estimation was based on the cumulative hazard function using Greenwood's formula for the standard error estimation. 25 Survival distributions were compared using the (exact) log-rank test. 26 The proportional-hazard regression model of Cox was used to identify differences in survival due to prognostic factors. 27 Missing data were estimated using a multiple-imputation technique with 10 random draws. A limited backward-selection procedure was used to exclude redundant or unnecessary variables. 28 Testing and estimation of possible cutoff values for WBC was done by maximally selected log-rank statistics. 29 An effect was considered to be statistically significant if the P-value was 0.05 or less. To provide quantitative information on the relevance of statistically significant results, 95% confidence intervals of hazard ratios were computed. The comparison of the distribution of WBC according to the subtype of the core binding factor lesion was performed using a twosided Mann-Whitney test. Pairwise correlations between WBC and LDH were estimated by Pearson's product-moment correlation coefficient. The statistical analyses were performed with the statistical software packages StatXact (Cytel Software Corp., Cambridge, MA, USA), SAS (SAS Institute Inc., Cary, NC, USA) and S-Plus (Insightful Corp., Seattle, WA, USA) together with the Design software library. 28 
Results
Accrual of patients
Between July 1993 and January 1998, 256 patients were registered for the study. In all, 33 patients were considered to be ineligible for the following reasons: 20 patients had diagnosis other than AML, nine patients were excluded because of protocol violation, and four patients had concomitant disease (lung cancer, Wegener's granulomatosis with renal insufficiency, cardiac insufficiency, alcohol abuse). Table 1 shows the characteristics of the 223 eligible patients. Cytogenetic analysis as assessed by chromosome banding analysis and FISH was successful in 217 of the 223 patients (97%). 18 Risk assignment of the 223 patients was as follows: low risk, n ¼ 42
Response to induction therapy
Of the 223 patients, 158 (71%) responded to the first induction cycle with ICE. A total of 20 patients died from ED or HD during the first induction therapy, and five of the responding patients died due to HD after ICE II leading to an 11% ED/HD rate for double induction therapy. Of the 45 patients with RD after ICE I, 31 had high-risk cytogenetics, 12 had a normal karyotype and two had no evaluable metaphases. In all, 39 patients received a second induction therapy: 12 of 32 (37%) achieved CR after S-HAM/HAM, and one of seven (14%) had CR after a second course of ICE. In total, response-adapted double induction therapy resulted in a CR rate of 74.5%. In Table 2 , the results of response-adapted double induction therapy are summarized according to the karyotype. In the low-risk group CR rates were high without cases of RD, whereas in the high-risk group CR rates were heterogeneous, ranging from 80% in patients exhibiting abn(11q23) to less than 20% in patients exhibiting abn(12p) or abn(17p).
Survival analysis after risk-adapted consolidation therapy
Reason for patient exclusion: Of the 166 patients who entered CR on the protocol, 17 were not eligible for risk-adapted consolidation therapy for the following reasons: n ¼ 13, violation of the consolidation therapy protocol; n ¼ 4, no karyotype available. For these patients, DFS and survival were 56 and 53% at 5 years. The remaining 149 (90%) patients were eligible for risk-adapted consolidation therapy. Figure 1 illustrates the trial profile and the quantitative patient's distribution on the different treatment arms.
Low risk (t(8;21) inv/t(16q22))
Of the 39 patients in CR after double induction therapy, 32 were eligible for consolidation therapy with two consecutive cycles of HAM. A total of 30 patients received the assigned two cycles of HAM. Two patients suffered from persistent thrombocytopenia after the first cycle of HAM and therefore did not receive the second cycle.
Of the 32 patients, 12 relapsed between 6 and 22 months after first documented CR (Figure 2 ), resulting in an estimated DFS after 5 years of 62.5% (95% confidence interval (CI), 48-82%). An exploratory multiple Cox regression analysis was performed with DFS as end point, and included the following variables: subtype of the core binding factor lesion (t(8;21) vs inv/ t(16q22)), additional chromosomal abnormalities (except loss of sex chromosomes), WBC at diagnosis as binary variable with a cut point at 28.7 Â 10 9 /l defined by maximally selected logrank statistics, and age at diagnosis. Only WBC (P ¼ 0.005) as a binary variable was found to be a statistically significant prognostic variable in the Cox's regression analysis. The type of core binding factor lesion was not found to be informative for DFS, although patients with inv/t(16q22) showed significant higher WBC at diagnosis (median 35.1 Â 10 9 /l) compared to patients with t(8;21) (median 10.8 Â 10 9 /l) (P ¼ 0.03). Figure 3 shows the DFS according to the WBC at diagnosis with the cut point of 28.7 Â 10 9 /l. Of the 12 relapsed patients, all received a reinduction therapy containing high-dose cytarabine and 11 achieved a second CR.
Patients in second CR received the following consolidation therapies: allogeneic SCT from an HLA-matched family donor (n ¼ 6), autologous SCT (n ¼ 3), maintenance therapy with interleukin-2 (n ¼ 1), FLAG (n ¼ 1). Of the 32 patients, four died. The estimated survival after 5 years was 87% (95% confidence interval, 76-100%) (Figure 4 ).
Intermediate risk (normal karyotype): Of the 78 patients in CR after double induction therapy, 73 were eligible for consolidation therapy and all received first consolidation with HAM. DFS for the entire group after 5 years was 40% (95% CI, 30-54%) (Figure 2 ). Design of the study. The numbers represent the number of patients at each treatment step. HAM, high-dose cytarabine and mitoxantrone, S-HAM, sequential HAM, ALLO, allogeneic stem cell transplantation, AUTO, autologous stem cell transplantation. Patients X55 years of age were not stratified and assigned to a second consolidation with HAM.
Figure 2
Estimated DFS of the 149 patients eligible for consolidation therapy according to the cytogenetically defined risk group.
Figure 3
Estimated DFS of the 32 low-risk patients eligible for consolidation therapy according to the initial WBC count. The cutoff of 28.7 Â 10 9 /l was defined by maximally selected log-rank statistics with P ¼ 0.002.
Of the 16 patients with an HLA-compatible family donor, 13 received the assigned allogeneic SCT. Two patients received S-HAM and one patient received no further treatment. Of the 16 patients, five patients relapsed, and three patients died from transplantation-related causes resulting in a DFS after 5 years of 49% (95% CI, 30-82%).
Of the 57 patients with no HLA-compatible family donor, 48 received the assigned S-HAM/HAM treatment. Five patients had one consolidation therapy only, and four patients relapsed before the start of the second consolidation therapy. The median times of unsupported platelet counts below 50 Â 10 9 /l and of WBC below 1.0 Â 10 9 /l were 44.5 days (range 21-85) and 31 days (range 23-49) in patients treated with S-HAM, and 18 days (range 9-37) and 12 days (range 6-24) in patients treated with HAM, respectively. In total, 34 patients relapsed, one died from invasive aspergillosis during hypoplasia and one patient died 1 year after completion of consolidation therapy because of sudden cardiac death resulting in a DFS after 5 years of 38% (95% CI, 27-53%).
Comparison of the distribution of DFS and survival between intensive chemotherapy and allogeneic SCT within the intermediate-risk group showed no statistically significant difference (P ¼ 0.28, 0.7, respectively. Figure 5 for DFS). Notably, within the chemotherapy group there was no difference between the S-HAM and the HAM arm (P ¼ 0.87), although these arms represented two different age groups. The following variables were examined in an exploratory multiple Cox regression analysis: WBC at diagnosis, LDH at diagnosis and age at diagnosis. In Cox's regression model no variable was found to be statistically significant at the 5% level.
Of the 39 relapsed patients, 27 received an intensive reinduction therapy and 13 achieved a second CR. Three patients received autologous SCT in second CR, 12 patients allogeneic SCT (eight in second CR, four with RD) and one patient FLAG. Of the 73 patients, 36 died; the estimated survival after 5 years was 50% (95% CI, 40-63%) (Figure 4) .
High risk (all other chromosomal aberrations): Of the 45 patients in CR after double induction therapy, 44 were eligible for consolidation therapy and all received first consolidation with HAM. The estimated DFS for the entire high-risk group after 5 years was 17% (95% CI, 9-34%) (Figure 2) .
Of the 12 patients, 11 received the assigned allogeneic SCT, including one patient who had SCT from an unrelated donor. Five of the 12 patients had been refractory to the first induction therapy. Nine patients relapsed and two patients died from transplantation-related causes, resulting in a DFS after 5 years of 8% (95% CI, 1-54%).
Of the 23 patients, 18 received the assigned autologous SCT. Three of the 23 patients had been refractory to the first induction therapy. In all, 12 patients were transplanted with mafosfamid purged bone marrow, and six patients received unmanipulated peripheral blood progenitor cells. Autologous SCT with mafosfamid purged bone marrow harvested after the first consolidation therapy with HAM was stopped in September 1996 because of unacceptable hematological toxicity; the median time from transplantation to an unsupported platelet count 450 Â 10 9 /l and to a WBC count 41.0 Â 10 9 /l was 125 days (range 42-330 days) and 71 days (range 17-108), respectively. It was replaced by transplantation with autologous peripheral blood progenitor cells collected during GCSF supported hematological recovery after the first consolidation therapy with HAM. The hematological toxicity was markedly reduced with a median time from transplantation to an unsupported platelet count 450 Â 10 9 /l and to a WBC count 41.0 Â 10 9 /l of 26.5 days (range 17-42) and 14.5 days (range 12-17 days), respectively. Of the 23 patients, 15 patients relapsed and three patients died from treatmentrelated causes, resulting in a DFS after 5 years of 22% (95% CI: 10-47%).
Of the nine patients aged X55 years assigned to HAM, seven received the treatment. Seven patients relapsed and one died after first consolidation, resulting in a DFS after 5 years of 17% (95% CI, 3-88%).
Of the 31 high-risk patients who relapsed, 18 received an intensive reinduction therapy and seven achieved a second CR. Of the 44 patients, 32 died and the survival after 5 years was 26% (95% CI, 15-43%) (Figure 4 ).
Analyses were restricted to patients' age o55 years to evaluate the influence of allogeneic and autologous transplantation on DFS in the presence of other risk factors. Cox's regression analysis for DFS examining WBC at diagnosis, LDH at diagnosis, age at diagnosis, response to first induction therapy and treatment group revealed the response to first induction as the only prognostic variable (P ¼ 0.02), with a hazard ratio for Figure 4 Estimated survival of the 149 patients eligible for consolidation therapy according to the cytogenetically defined risk group. The difference between the curves was significant by log-rank statistics (Po0.0001).
Figure 5
Estimated DFS of the 73 intermediate-risk patients eligible for consolidation therapy according to the treatment arm. HAM/S-HAM, high-dose cytarabine and mitoxantrone/sequential HAM, ALLO, allogeneic stem cell transplantation. The difference between the curves was not significant by log-rank statistics (P ¼ 0.28). OS analysis: After a median follow-up time for survival of 64 months of all trial entrants, 134 of the 223 patients had died. The median survival time for the entire group was 21 months (95% CI, 16-41 months), and survival after 5 years was 40% (95% CI, 33-46%). For the 166 patients who entered CR on the protocol, DFS and survival after 5 years were 40% (95% CI, 33-48%) and 51% (95% CI, 44-59%), respectively. DFS and OS rates after 5 years were 62.5 and 87, 40 and 49, 17 and 26% for the low-, intermediate-, and high-risk groups, respectively. The distribution of treatment-related mortality during and after consolidation therapy was 0, 7 and 14% for the low-, intermediate-and highrisk groups, respectively.
Risk-adapted postremission therapy in AML
One additional analysis was performed on all eligible trial entrants. The patients were subdivided into three groups according to the response to first induction therapy with regard to the quality of response: (i) patients with response to first induction therapy and o5% blasts in the bone marrow; (ii) patients with response to first induction therapy and 5-25% blasts in the bone marrow; and (iii) no response to first induction therapy. The difference between patients with response compared to patients with no response to first induction therapy was highly significant (Po0.0001). However, there was no difference in survival for patients with response to first induction therapy regarding quality of response (BM blasts o5% vs 5-25%) ( Figure 6 ).
Discussion
In this study, we used the karyotype at diagnosis for risk-adapted stratification of consolidation therapy in AML. As the study was initiated in 1993, risk assignment was performed using the classification scheme initially proposed by the CALGB, which considered t(8;21) and inv/t(16q22) as low risk, normal karyotype as intermediate risk, and all other chromosome abnormalities as high risk. 13 Using a response-adapted, intensive double induction therapy, we achieved a high overall CR rate of 74.5%, with a low ED/HD rate of 11% including hypoplastic deaths as late as 84 days from start of induction therapy. In agreement with previously published studies, [3] [4] [5] karyotype at diagnosis was the most powerful indicator for response to induction therapy with no refractory AML in the low-risk group and a high rate of refractoriness in AML exhibiting abn(3q), À5/5qÀ, À7/7qÀ, abn(12p), abn(17p) and/or complex karyotype. The incorporation of a high-dose cytarabine-based regimen in the response-adapted double induction therapy resulted in a 37% response rate in patients refractory to the first cycle ICE. Analogous to the data of the MRC AML 10 trial, 30 the prognosis of patients with no response to the first induction cycle was dismal in our study with an OS of 12% after 5 years, irrespective of the response to the second induction therapy. Whether further dose intensification of the induction therapy harboring the risk of an increased early death rate, 31 or rather early transplantation from a sibling or an unrelated donor after myeloablative, 32, 33 or dose-reduced conditioning 34 may improve outcome for this subgroup of patients has to be evaluated in prospective studies. For OS, we did not find a difference with respect to quality of response to first induction therapy, that is, whether CR or PR (up to 25% bone marrow blasts) was achieved. According to the MRC data 30 this supports the view that response to first induction therapy should only be considered as a high-risk feature when there is resistant disease.
In the low-risk group, outcome was excellent with a DFS and survival after 5 years of 62.5 and 87%, respectively. The conventional, high-dose cytarabine-based postremission therapy was well tolerated and there was no treatment-related mortality. Thus, our results are in agreement with those of the study by the CALGB that demonstrated the beneficial effect of high-dose cytarabine in consolidation therapy in this subgroup of patients. 2 The results compare favorably to those achieved with allogeneic SCT in first CR, 3, 35 and our study supports the strategy to reserve allogeneic SCT for relapsing patients. As already discussed in the recent publication of the French AML Intergroup, 36 it remains unknown whether this beneficial effect of cytarabine in this subgroup is due to its specific mode of action or whether similar good results can also be achieved by dose intensification of other antileukemic drugs. It has been shown in several studies that the initial WBC is of prognostic value in AML exhibiting t(8;21) or inv/ t(16q22). [36] [37] [38] [39] In our study, Cox's regression model revealed the WBC at diagnosis as a significant prognostic factor, with an estimated cutoff value of 28.7 Â 10 9 /l, and this was confirmed in a meta-analysis of low-risk patients including patients of the present study and those treated in another German multicenter treatment trial (SHG 2/95) (Schlenk et al. Blood 2001; 98: 593; abstract).
In the group of patients with normal karyotype, the DFS and survival after 5 years of 40 and 50%, respectively, are at least equivalent to those reported by other multicenter treatment trials. 2, 3 In univariate analysis, there was no difference in DFS between the patients receiving conventional consolidation therapy and those who had allogeneic SCT from an HLAcompatible family donor. Only 69% of the relapsed patients received a reinduction therapy, and the CR rate of 48% was inferior compared to that of the low-risk group. Therefore, improvement of postremission therapy in first CR for this patient group is warranted. There are increasing data demonstrating that the subgroup of patients with a normal karyotype can be dissected based on molecular genetic findings. Patients with normal karyotype and mutations of, for example, the FLT3 or MLL gene have been shown to have significant inferior DFS and/ or survival. [40] [41] [42] [43] [44] In contrast, a recent study by a French group showed that patients with normal karyotype and dominant Figure 6 Estimated survival of 203 patients according to the response to first induction therapy. The difference between the curves was significant by log-rank statistics (Po0.0001).
negative mutations of the CEBPA gene may have an outcome similar to those with t(8;21). 45 Future treatment trials will likely have to consider these findings in this subgroup of patients, in particular with respect to the evaluation of novel drugs targeting the molecular defect and to the use of allogeneic SCT in all its facets.
In the high-risk group we followed the approach of autologous SCT with mafosfamid purged bone marrow. 46 In contrast to previous studies that used perfosfamid 9 or mafosfamid 46 purged bone marrow collected after two induction cycles, in our trial the bone marrow was harvested after two intensive induction therapies and one consolidation therapy containing high-dose cytarabine. Due to the intensive in vivo and in vitro purging, the hematological reconstitution after autologous SCT was extremely long, with a median WBC reconstitution time of 71 days. In a pilot study, we showed the feasibility of collecting peripheral blood stem cells during the hematological reconstitution after two intensive induction therapies and first consolidation with HAM. 20 Using unpurged blood stem cell grafts, the median WBC reconstitution time was significantly shortened to 14.5 days.
The DFS and survival after 5 years of 17 and 26%, respectively, of the entire high-risk group were discouraging but comparable to other multicenter treatment trials. 2, 3 In univariate analysis restricted to patients o55 years of age, we did not identify a benefit in DFS for either allogeneic or autologous SCT. In multivariate analysis, the only prognostic factor was the response to first induction therapy, which was clearly correlated to cytogenetics. Recent studies evaluating the impact of dose intensification of the conditioning regimen with radio-labeled antibodies have shown promising results, and this experimental therapy should be explored prospectively in this very-high-risk group of patients. 47, 48 Despite the various dose intensities used in the three risk strata, the karyotype retained its high impact on the clinical outcome. A critical issue related to the statistical analysis of our study is the question of whether the strategy of riskadjusted therapy improves outcome of the patients. The overall treatment results of our study with a survival of 40% after 5 years of all trial entrants are at least equivalent to those of published trials: in the MRC-10 trial, survival was 40% at 4.8 years in a clearly younger patient population, 10 in the ECOG study 35% at 4 years, 9 in the CALGB trial evaluating high-dose cytarabine 38% for patients under the age of 40 years and 27% for patients 40-60 years of age, 6 in the GOELAM trial 40% at 4 years also in a clearly younger patient population, 11 and in the AMLCG trial 31% after 4 years. 49 There seems to be a benefit when comparing survival of CR patients: in our study, survival of responding patients was 51% compared to 35-43% in the ECOG trial (depending on the treatment given), 9 40% in the GOELAM study 11 and 36% in the AMLCG trial. 49 Whether these differences are due to the treatment strategy or to other confounders remains open. To improve the comparability between different treatment strategies, the German AML Intergroup has recently initiated a common Intergroup study, in which patients are randomized upfront in a 1:10 ratio between a common standard treatment arm and the specific study that is active in the four AML study groups. 50 Our study demonstrates that karyotype-based stratified multicenter treatment trials are feasible in AML and provide an alternative to those trials in which all patients with AML are randomized either upfront or once a CR has been achieved. The overall treatment results compare favorably to those of published trials.
